The efficacy of PCR is measured by its specificity, efficiency (i.e. yield), and fidelity. A highly specific PCR will generate one and only one amplification product that is the intended target sequence. More efficient amplification will generate more products with fewer cycles. A highly accurate (i.e., high-fidelity) PCR, will contain a negligible amount of DNA polymerase-induced errors in its product. An ideal PCR would be the one with high specificity, yield, and fidelity. Studies indicate that each of these three parameters is influenced by numerous components of PCR, including the buffer conditions, the PCR cycling regime (i.e., temperature and duration of each step), and DNA polymerases. Unfortunately, adjusting conditions for maximum specificity may not be compatible with high yield; likewise, optimizing for the fidelity of PCR may result in reduced efficiency. Thus, when setting up a PCR, one should know which of the three parameters is the most important for its intended application and optimize PCR accordingly. For instance, for direct sequencing analysis of a homogenous population of ceils (either by sequencing or by RFLP), the yield and specificity of PCR is more important than the fidelity. On the other hand, for studies of individual DNA molecules, or rare mutants in a heterogeneous population, fidelity of PCR is vital. The purpose of current communication is to focus on the essential components of setting up an effective PCR, and discuss how each of these component may influence the specificity, efficiency, and fidelity of PCR.
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Primer Design
For m a n y applications of PCR, primers are designed to be exactly complementary to the template. On the other hand, for other applications as in the allele-specific PCR, the engineering of mutation or new restriction endonuclease sites into a specific region of the genome, and cloning of h o m o l o g o u s genes where sequence information is lacking, base pair mismatches are introduced either intentionally or unavoidably. (3) In either case, an ideal set of primers should hybridize efficiently to the target sequence with negligible hybridization to other related sequences that are present in the sample. Primers are typically 15-30 bases long. Assuming that the nucleotide sequences of the genome is randomly distributed, the probability of a 20-base-long primer finding a perfect match is (1/4) 20= 9• 10 -13. Because there are 3• 109 bp per haploid m a m m a l i a n genome, it is highly unlikely that this primer will find another perfectly matched template in the genome. However, amplification of unspecific products in PCR, utilizing a specific 20-base primer, is not an unusual one. This is likely attributable to the fact that primers containing a n u m b e r of mismatches are still amplified under most PCR conditions. For example, the likelihood of a particular region of the genome having the 12 out of 20 bases homologous to the primer is (1/4) 12= 6• 10 -8. Theoretically, there would be -1 8 0 places in the haploid m a m m a l i a n genome where this will occur. 1 To optimize the specificity of the genes suspected to be duplicated in the genome, primer sequences should be selected from intronic regions of the gene because they are divergent even in members of tandomly repeated gene families.
Reaction Mixture
The "standard" buffer for Taq polymerase-mediated PCR contains 50 mM KCI, 10 mM Tris (pH 8.3 at room temperature), and 1.5 mM MgC12 . ( 3) The standard buffers for other DNA polymerases, including modified T7 or Sequenase, (7) T4, (8) Vent, (9) and Pfu (1~ are also available. Although the standard buffer works well for a wide range of templates and oligonucleotide primers, the "optimal" buffer for a particular PCR may vary, depending on the target and the primer sequences, and the concentrations of other c o m p o n e n t in the reaction (i.e., dNTP and primers). Therefore, these so-called standard conditions should be regarded as a point of departure to explore modifications and potential improvements. In particular, the concentration of Mg 2+ should be optimized whenever a new combination of target and primers is first used or w h e n the concentration of dNTPs or primers is altered, dNTPs are the major source of phosphate groups in the reaction, and any change in their concentration affects the concentration of available Mg 2 § The presence of divalent cations is critical, and it has been shown that magnesium ions are superior to manganese, and that calcium ions are ineffective. (11) In addition to the standard components of the PCR buffer m e n t i o n e d above, some researchers routinely use additional components such as gelatin, Triton X-100, or bovine serum albumin for stabilizing enzymes, glycerol ~ or formamide (~3) to enhance specificity, and mineral oil to prevent evaporation of water in the reaction mixture. molecules) and 3 bl, M (1.8x 1014 molecules) of each primer, and between 37 IxM (2.2X 10 is molecules) and 1.5 mM (9X 1016 molecules) of each dNTP are utilized. Thus, for a genomic DNA PCR containing 1 ~g of template DNA (3 x 105 copies of autosomal genes), the initial molar ratio between the primers and the genomic target sequence is at least -108:1. Having such a large excess of primers ensures that once template DNA becomes denatured, it will anneal to primers rather than to each other. Because the maximum copy number of amplified target sequence is -1012 copies (see Fig. 2 and Exponential Phase of PCR, below), each primer is always in at least 10-fold excess of the target sequence (assuming that primers are not consumed by generating unspecific amplification products). The ratio of the primer to template is also important regarding the specificity of PCR. If the ratio is too high, PCR is more prone to generate unspecific amplification products, and also primer dimers are formed. However, if the ratio is too low (i.e., <0.1% of the standard condition for the genomic DNA PCR), the efficiency of PCR is greatly compromised.
For primers, the fraction of free (i.e., unincorporated) primers is strictly dependent on how many target sequences are generated. Unlike primers, however, the fraction of free dNTPs not only depends on the number of target sequences generated but also on the size of the target sequence. For example, generating 1012 copies of a 100-bp target sequence will consume 1012X 100 = 1014 dNTP molecules. On the other hand, generating 1012 copies of a 2-kb fragment will consume 2x10 is dNTP molecules and effectively decrease the concentration of free dNTP. This, in turn, will have a deteriorative effect on the overall efficiency of PCR. Thus, for amplifying a large target sequence, a higher concentration of dNTP is recommended. (7)
PCR Cycle
A typical PCR cycle consist of three steps: (1) a denaturation step (1-2 min of incubation at ~>94~ (2) a primer annealing (or hybridization) step (1-2 min of incubation at 50-55~ and (3) an extension step (1-2 min of incubation at 72~
Previously, it was believed that each of the three steps in the cycle requires a minimal amount of time to be effective while too much time at each step can be both wasteful (time wise) and deleterious to the DNA polymerase. (3) Recently, however, we have demonstrated that PCR consisting of two steps (e.g., a denaturation step--94~ incubation step for 1 min followed by a primer hybridization/extension step at 50-57~ for 1 min) can generate as much product as three step PCR. (9) This has been the case for at least four different sets of primers tested on two different genes. (1z'14) This finding appears somewhat inconsistent with the previous contention that Taq polymerase is most active at 72~ However, it is also possible that because of the high processivity of Taq, primers that annealed to the template will become fully extended during the short time period during which the reaction mixture reaches the optimal temperature for Taq polymerase (70~176 between the 50~176
transition. This notion is also consistent with the results of "rapid PCR. ''(is) In an attempt to increase the speed of temperature cycling (i.e., reduce "ramp times"), researchers have utilized capillary tubes as containers and air as the heat-transfer medium for PCR. This study reports that for a 100-/~1 sample in a standard heat block, it takes -6 sec to go from 56~ to 55~ On the other hand, for a 10-1~1 sample in a commercially available "rapid air" cycler, it takes just -1 sec to go from 60~ to 55~ Utilizing the rapid cycler, the investigators completed 35 cycles of three-step PCR in 15 min. (15) In this rapid PCR, each cycle consisted of a 0-sec denaturation step at 94~ a 0-sec annealing step at 45~ and a 10-sec elongation step at 72~ In addition to improving cycle times, the rapid cycle PCR amplification was $20 PCR Methods and Applications more specific than three-step PCR utilizing a conventional thermal cycler. One possible limitation of the currently available rapid PCR technique is its small reaction volume (10 i~l). Because of these volume constraints, only 50 ng of mammalian genomic DNA was used as PCR template. Because it represents -1.5 x 104 copies, it would not be useful for detecting rare mutations. Nevertheless, rapid PCR could be utilized effectively for the analysis of less complex genomes (i.e., bacteria, plasmid, or phases) and/or homogeneous populations. Finally, as in the case of the standard PCR buffer, the standard three-step PCR regime should also be viewed as a point of departure from which further improvement could be made. In general, higher annealing temperature and shorter time allowed for annealing and extension steps improved specificity of PCR. It should also be pointed out that it is necessary to increase the duration of each step for efficient amplification in the amplification of large fragments (i.e., > 1 kb). (3'16)
EXPONENTIAL PHASE OF PCR
To set up an informative and analytical PCR, one must understand the kinetics of specific product accumulation during PCR. A schematic representation of different products accumulating as a function of cycle is depicted in Figure  1 . The desired blunt-ended duplex fragments appear for the first time during the third cycle of the PCR, and from this point on, this product accumulates exponentially according to the formula N f = N o (I+Y) n-l, where Nf is the final copy number of the double-stranded target sequence, N O is the initial copy number, Y is the efficiency of primer extension per cycle, and n is the number of PCR cycles under conditions of exponential amplification. (4) As depicted in Figure 2 , in most cases, once the final copy number of the desired fragment (Nf) reaches 1012 -1013, its efficiency per cycle (Y) drops dramatically, and at the same time, the product stops accumulating exponentially. The exponential phase of a PCR refers to the early cycle period during which the products accumulate in a manner that is consistent with the equation above. Continuing PCR beyond this point often results in amplification of unspecific bands, and, in certain instances, disappearance of the specific product (G. Hu, unpubl.). These undesired effects of overamplification are presumably attributable to the fact that as the number of cycle increases and more products are generated, some components of the PCR becomes limiting. Consistent with this notion, taking a small aliquot of the reaction mixture that has already undergone 106-107 doublings and placing it in a fresh reaction mixture results in exponential amplification.
For many applications of PCR, especially the ones that are quantitative in nature, it is critical that amplification is carried out in the exponential phase of PCR (Fig. 2) . Numerous laboratories have studied efficiencies of different DNA polymerases that are utilized in PCR. As a result, we now have a fairly good idea regarding how efficient different DNA polymerases are in a typical PCR. (17'18) Thus, utilizing the equation above, knowledge of the initial copy number will permit one to estimate how many cycles it will take for the final copy number to reach -1012, and at which point one should stop the PCR.
For Taq PCR (assuming efficiency per cycle of 70%) starting with 1 I~g of genomic DNA (e.g., 3 x 10 s copies of mammalian genome), the equation becomes, 1012= 3 x 10 s (1 + 0.7) n. Solving for n gives 28.6, indicating that in this hypothetical case, the desired product will accumulate exponentially up to about cycle number 29. Thus, if one were to carry out an analysis that is quantitative in nature, one must do so on the samples that are taken out at or before cycle 29. Because 1012 copies of a particular sequence is sufficient for most application in molecular biology, there is no apparent reason to carry out additional cycles.
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Cycle # 1
After n-th cycle
n-1 FIGURE 1 Schematic representation of PCR. N O copies of duplex template DNA are subjected to n cycles of PCR. During each cycle, duplex DNA is denatured by heating, which then allowed primers (arrows) to anneal to the targeted sequence (hatched square). In the presence of DNA polymerase and dNTPs, primer extension takes place. The desired blunt-ended duplex product (thick bars with arrows) appears during the third cycle and accumulates exponentially during subsequent cycles. Following n cycles of exponential PCR, there will be N O (1 + I0 ~-1 copies of the duplex target sequence.
It m u s t be pointed out that the efficiency of the same polymerase can vary significantly d e p e n d i n g on the nature of target sequence, the p r i m e r sequences, and the reaction conditions. ~ Therefore, the efficiencies listed in Table 1 m a y not reflect the efficiency of a different PCR that is carried out u n d e r different conditions. One could utilize the reported values to have a reasonable estimate. Nevertheless, to carry out an accurate quantitative analysis, one should determine the efficiency of the particular PCR (see Fig. 2 ).
D N A P O L Y M E R A $ E S A N D PCR
In vitro DNA replication has been accomplished by DNA polymerases from m a n y different sources. n o t h a v e t h e 3'---~5' e x o n u c l e a s e " p r o o f r e a d i n g " f u n c t i o n ; a n d as a result, it has a relatively h i g h e r r o r rate in PCR (Table 1) . O n t h e o t h e r h a n d , its i n a b i l i t y to edit t h e m i s p a i r e d 3' e n d has b e e n a n asset ing mismatches at the 3' end were not extended as efficiently as the perfectly matched primers. (12'16'23'24) This concept would not have worked for enzymes with exonuclease activities, because once the 3' mismatch is recognized by the polymerase, it would be first repaired and then extended, thus abolishing the specificity conferred by the 3' mismatches. As applications of the PCR become increasingly sophisticated and specific, distinctive properties of polymerases should be utilized to meet specific needs. Fidelity of in vitro DNA polymerization is perhaps one of the most intensively studied subjects in PCR. For many applications of PCR, where a relatively homogeneous DNA population is analyzed (i.e., direct sequencing or restriction endonuclease digestion), the polymerase-induced mutations during PCR are of little concern. In general, polymerase-induced mutations are distributed randomly over the sequence of interest, and an accurate consensus sequence is usually obtained. However, PCR is also utilized for studies of rare molecules in a heterogeneous population. Examples include the study of allelic polymorphism in individual mRNA transcripts, (2s'26) the characterization of the allelic stages of single sperm cells (27) or single DNA molecules (28 '29) , and characterization of rare mutations in a tissue ~ or a population of cells in culture. For these applications, it is vital that the polymeraseinduced m u t a n t sequences do not mask the rare DNA sequences. Each polymerase-induced error, once introduced, will be amplified exponentially along with the original wild-type sequences during subsequent cycles. This will result in the overall increase in the fraction of polymerase-induced mutant sequences as a function of n u m b e r of amplification cycles. Analyses that utilize small amounts of template DNA are especially prone to PCR-induced artifacts. For example, if one were to carry out PCR with 10 copies of template DNA, any polymerase-induced mutation during the first few cycles would appear as a major m u t a n t population in the final PCR products. Because the n u m b e r of template DNAs is small, and the error rate of Taq polymerase is 10-4, the probability of this event occurring is low (i.e., 10-3). However, if such event should occur, the particular mutation induced by polymerase will comprise as m u c h as 10% of the final PCR products. One can prevent this "jackpot" artifact by starting with a large a m o u n t of template DNA (i.e., i> 10 s copies). In this case, -1 0 mutations are introduced on the average during the first few cycles of the PCR; however, all of these mutations will constitute only -1 in 10 s of the final products.
Under low-fidelity conditions (i.e., Taq or Klenow PCR), the polymerase induced m u t a n t fraction can become significant. For example, following 1 million-fold amplification by a DNA polymerase with an error rate of 10-4, PCR-induced error will constitute as m u c h as 33% of the 200-bp long amplified products. 2 Assuming that polymerase errors are uniformly distributed, the error frequency per base, on average, is 1.7• 10 -3 (0.33• 0.0017). This level of PCR-induced noise will certainly render attempts to characterize rare mutations in tissue culture or in animals and h u m a n s where the expected m u t a n t frequency of a particular mutation could be as low as 10 -7 or 10 -8.
The fidelity of PCR varies depending on reaction conditions and the nature of target sequences. In the past, several groups have found conditions that permitted for more accurate PCR by modifying reaction buffer conditions. .
PCR Methods and Applications
Cold Spring Harbor Laboratory Press on January 8, 2016 -Published by genome.cshlp.org Downloaded from fidelity by comparing the fractions of PCR-induced noise before and after the improvement. According to the formula F(> 1)= 1 -e -bfd(18) 56% of the PCR product amplified under low-fidelity condition will be Taq polymerase-induced noise (Table 1) . On the other hand, only 25% of the PCR product generated under the high-fidelity condition will be polymerase-induced noise. In this case, a 2.8-fold reduction in the Taq polymerase error rate reduced the overall PCR-induced m u t a n t fraction by more than half (Table 1) . Thus, it is possible to substantially improve the overall fidelity of PCR by adjusting reaction conditions. Nevertheless, it must be pointed out that despite m u c h effort to optimize Taq, T7, and Vent PCR in regard to fidelity by altering reaction conditions, their improved fidelity has never reached the level of T4 polymerase, (17'~8) suggesting that some intrinsic properties of the polymerase also contribute to its overall error rate. Regarding the error rates of exo § polymerases, one should realize that the measured error rate reflects the average value of a heterogeneous population of DNA polymerases, with this heterogeneity presumably arising as a result of errors during transcription of the gene. It is possible that some of the transcription errors are introduced in the region of the gene that is critical for fidelity of the polymerase (i.e., the proofreading function) and, thus, increase the average error rate. If this is the case, one may be able to enhance the fidelity of exo § polymerase PCR by devising a means to physically separate, or biologically inactivate these rare exo-mutant polymerases (W. Thilly, unpubl.).
In addition to the error rate during PCR, the kinds of mutations that are introduced during PCR are also dependent on DNA polymerases. Whereas GC---~AT transitions were the predominant mutations for T4 and T7 polymerases, AT---~GC transitions are observed most frequently with Taq polymerase. (~7) Taq polymerase is also highly prone to generate deletion mutations if the template DNA has the potential to form secondary structures. (~~ Klenow fragment induces possible transitions, and deletions of 2 and 4 bp. These observations again suggest that each polymerase has a distinctive mode of operation with regard to fidelity in in vitro replication.
The findings that different polymerases induce different types of mutations in PCR also have a very practical value in designing PCR-based experiments. For example, if one were to look for a rare allele that had u n d e r g o n e a GC---~AT transition, it would be best to use Taq polymerase for PCR. Because Taq predominantly induces AT---~GC transitions, ~17) utilizing Taq will minimize false-positive cases that may arise as a result of a Taq polymerase-induced artifact. In another hypothetical case, assume that Taq PCR followed by sequencing analysis (either by cloning and sequencing, or by DGGE type analysis followed by sequencing) reveals that in the population of cells analyzed, a rare AT---~GC m u t a n t allele exists at a frequency of 10 -3. However, because this mutation is the type expected from Taq amplification, one cannot be certain whether this is a true variant in the original sample or a PCR artifact. To distinguish between these two possibilities, one may carry out the same analysis again using a T7 or T4 polymerase to determine w h e t h e r the AT---~GC mutation appears again. If this AT---~GC mutation appears following PCR mediated by two different enzymes with different mutational specificio ties, it is fair to say that the mutation existed in the original sample.
Because of its thermostability, reliability, and durability, Taq DNA polymerase has been utilized most widely in PCR. However, as summarized in Table 1 , the fidelity of Taq (2x10 -4 error/bp per duplication) is the lowest among DNA polymerases with fidelity that has been measured. This, in turn, effectively prevents utilization of Taq polymerase in PCR where the fidelity is of concern. Thus far, the most accurate DNA polymerase utilized in PCR is T4 polymerase. Its error rate is estimated to be 3x 10 -6 errorsfop per duplication ( Table 1 ). The fraction of PCR induced noise in a 200-bp target sequence
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Cold Spring Harbor Laboratory Press on January 8, 2016 -Published by genome.cshlp.org Downloaded from following a 106-fold amplification in this case is 2% (56% for Taq PCR; see Table 1 ). Unfortunately, T4 polymerase is not thermostable; thus, not many laboratories will be willing to utilize this enzyme, especially if the number of samples to be analyzed is large. Recently, a number of additional thermostable enzymes have been isolated. Unlike Taq, which does not have the 3'---~5' exonuclease proofreading function, these newly isolated enzymes (e.g., Vent and P~) do have the editing function. And as expected, they turned out to be more accurate than Taq polymerase. As summarized in Table 1 , Vent has a error rate and efficiency that are comparable to that of the heat-labile T7 DNA polymerase. Although Vent polymerase is not as accurate as T4 polymerase, the fact that it can be automated makes it a m u c h more attractive choice of enzyme. Thus, for analyzing samples where fidelity of the product is important, Vent PCR appears to be the best choice regarding its error rate, efficiency, and ease of the procedure. Note that Vent PCR product will have less than one-third (56% vs. 16%) of the noise induced by Taq polymerase.
Our laboratory is currently in the process of optimizing Pfu in regard to its fidelity.
ANALYZING PCR RESULTS
PCR results may be analyzed in regard to its specificity, yield (i.e., efficiency), or fidelity. Specificity and yield can be readily determined by running a gel that separates DNA molecules according to their sizes (e.g., polyacrylamide or agarose gels). A highly specific PCR would generate one and only one product of the correct size. However, it is not unusual to observe a series of bands, especially when a new target sequence and/or primers are utilized for the first time. Appearance of unspecific amplification products can be attributed to a number of factors. First, primers may be annealing to unspecific sites in template DNA. In this case, one may be able to increase the specificity of PCR by changing reaction mixture that would make it more difficult for primers to anneal to unspecific sites in the sample. These include addition of glycerol, (12) or formamide, (13) reduced pH, or lowering concentrations of primers, dNTPs and MgC12. (~6'23'3~ One may also try altering the annealing temperature and/or the duration of the annealing and extension steps. In general, higher temperature, and shorter annealing and extension periods confer higher specificity. ~ Alternatively, the unspecific bands may have resulted from overamplification ( Fig. 2 ; see Exponential Phase of PCR, below). In this case, one can simply reduce the number of cycles. As mentioned earlier, amplified products should be analyzed while they are still in the exponential phase of PCR. This is not only crucial for extracting quantitative information (e.g., calculating efficiencies, estimating the initial copy numbers), but also for generating the specific target sequence. Undesired consequences of overamplification include generation of small deletion mutants, appearance of unspecific bands, and in some cases disappearance of the specific product (G. Hu, unpublished observations). If none of these have a significant effect on the specificity of amplification, it may be necessary to change the primer; unfortunately, some primers simply do not work.
For many applications of PCR where rare variants are involved, the fidelity of PCR is an important concern. A number of laboratories have studied the fidelity of PCR, and the error rates of commonly utilized DNA polymerases are known (Table 1) . However, because the fidelity of a polymerase varies significantly depending on the reaction conditions and the nature of target sequences, it must be determined on a sequence by sequence and/or a reaction condition by reaction condition basis. There are at least three independent methods of measuring the fidelity of PCR: (1) the forward mutation assay; (2) the reversion mutation assay; and (3) the DGGE (denaturant gradient gel electrophoresis)-type analysis.
The forward mutation assay consists of cloning individual DNA molecules from the amplified population and determining the n u m b e r of DNA sequence changes by what fraction of the cloned population displays a particular phenotype. (6'13'31) For example, one can assess the error rate during synthesis of the lacZ gene by the frequency of light blue and colorless (mutant) plaques among the total plaques scored. The nature of mutations can also be determined by DNA sequence analysis of a collection of the mutants. The second method is a reversion mutation assay using a phage template DNA that contains specific mutations that result in a measurable phenotype (i.e., lacZ-, or colorless phenotype). In these assays, polymerase-induced errors are scored as DNA sequence changes that revert the m u t a n t back to a wild-type or pseudo-wild-type phenotype. ~32) This approach has been especially useful for highly accurate polymerases. (19) However, unlike the forward mutation assay, reversion assays are focused on a limited subset of errors occurring at only a few sites. Although in general, polymerase-induced mutations are randomly distributed throughout a target sequence, there are a n u m b e r of locations in the target sequence that are more prone to polymerase-induced errors. (23) Thus, error rates measured by the reversion assay may vary significantly depending on the nature of initial mutations placed in the phage template. The third method of assessing fidelity of PCR utilizes the DGGE analysis. DGGE is a system that separates DNA fragments harboring small changes (i.e., singlebase substitutions, small additions, or deletions) based on their sequences. In this case, the DGGE is utilized to separate polymerase-induced m u t a n t sequences from the correctly amplified sequences. By measuring the fraction of signals coming from the portion of the gel corresponding to the polymeraseinduced m u t a n t sequences (heteroduplex fraction), one could calculate the fidelity of the enzyme according to a formula, f=HeF/(bxd), where f i s the error rate (errors/base pair incorporated per duplication), HeF is the heteroduplex fraction, b is the length of the single-strand low melting d o m a i n in which mutants can be detected, and d is the n u m b e r of DNA duplications. (17'~8) Unlike the other two assays in which only the changes that result in phenotypic changes are scored as PCR-induced mutations, DGGE allows for the visualization and detection of all the mutations introduced in the target sequence. This feature makes DGGE the most comprehensive and sensitive means of measuring fidelity of PCR a m o n g the currently available techniques.
CONCLUSIONS
PCR is utilized for rapid in vitro amplification of a specific fragment of (genomic) DNA or RNA. The ideal PCR is the one with high specificity, yield (i.e., efficiency), and fidelity. The specificity, yield, and fidelity of PCR are influenced by the nature of target sequence, as well as by each c o m p o n e n t of PCR. Often, the conditions that would permit m a x i m u m yield are not compatible with high fidelity or specificity, and conditions optimized in regard to fidelity may adversely affect the efficiency. Thus, in setting up a PCR, it is important to plan beforehand to attain the specificity, yield, and the fidelity of PCR that is required for the intended application. As m e n t i o n e d above, DNA polymerases that are utilized in PCR have different characteristics that affect the overall PCR efficiency as well as the fidelity. Understanding the purpose of PCR will also allow one to choose the appropriate polymerase for PCR. Unfortunately, the most accurate enzyme studied to date, T4 polymerase, and the most efficient polymerase, T7, are not thermostable, and thus will not be become widely utilized in PCR. Among the remaining thermostable polymerases, Vent or Pfu would be the enzyme of choice if fidelity is of concern, whereas Taq will be sufficient (in regard to its fidelity) if the purpose of PCR PCR Methods and Applications $27
